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Background & aims: Dietitians in acute adult services need to prioritise dietetic referrals in order to
manage their daily workload and ensure effective treatment of patients. Newly qualiﬁed dietitians do not
usually receive speciﬁc training on prioritisation and could be helped with an evidence-based, effective,
decision-training tool that is based on the practice of experienced dietitians. We developed an inter-
nationally available web-based decision-training tool designed to improve novice dietitians' ability to
make dietetic prioritisation decisions. The training tool comprised of a pre-training task, a post-training
task and training materials. The aim of this study was to test the effectiveness of the training tool on
novices' ability for dietetic prioritisation.
Methods: Pre-registration dietitians and recent graduates (one-year) from across the UK were invited to
participate in this randomised controlled trial (RCT). Each participant made prioritisation decisions on a
set of dietetic referral scenarios: 53 scenarios at pre-training and 27 at post-training. After pre-training
the intervention group was presented with the training materials, whereas the control group was told to
carry on with the post-training task. Participants did not know which group they had been randomly
allocated to. We calculated i) level of agreement between decisions made by each novice and experts'
consensus using Pearson correlation, intra-class correlation (ICC(2,1)); ii) intra-rater consistency using
ICC(1,1) and iii) intra-group consistency using ICC (2,1). We compared group means at pre-training and
post-training; estimated effect size using the degree of change from pre- to post-training, and 2-factor
mixed ANOVA to assess overall effect of the training across the groups and time-points.
Results: 151 participants (69 in control and 82 in intervention) completed the trial. The groups did not
differ in demographic characteristics. Both Pearson and ICC(2,1) correlations increased with training
intervention; a moderate effect of training was found for both metrics, d ¼ 0.69 (r ¼ 0.32) for the former
and d ¼ 0.54 (r ¼ 0.26) for the latter. Intra-rater consistency improved with training but with a small
effect size, d ¼ 0.32 (r ¼ 0.16). The intra-group consistency also improved with training: ICC ¼ 0.48 pre-
training to 0.61 post-training.
Conclusions: The training tool was found to be effective in improving the novice dietitian's ability to pri-
oritise referrals in the acute adult setting. The training tool is freely available at www.dietitianreferral.org
for use by all student or early career dietitians internationally.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).ons, Peninsula Allied Health
uth, PL6 8BH, UK. Fax: þ44
. Hickson).
Ltd. This is an open access article u1. Introduction
Dietitians working in adult acute services receive large numbers
of referrals, making it difﬁcult to provide services to all on the day
they are received. In order to optimise the safety of patients and
maximise the effectiveness of the treatment dietitians have to be
selective and decide which patients need the most urgent dietetic
intervention and prioritise their referrals accordingly. However,
newly qualiﬁed dietitians with limited experience may ﬁnd itnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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nised that skill in prioritisation is a characteristic of an expert
clinician [1]. Since nutrition status impacts signiﬁcantly on key
factors such as health related outcomes, effectiveness of medical
treatments, and the quality and cost of care [2], skills in prioriti-
sation are crucial for novice dietitians to learn. In order to share best
practice, the decision policies of 50 experienced UK dietitians were
statistically modelled using a set of 60 example referrals [3]. Six
referral cues were identiﬁed from the literature, case experience
and through debate among experienced dietitians; presenting
complaint, nutrition status from screening tool, reason for referral,
previous food intake, weight history, biochemistry picture [3]. The
policies identiﬁed which of these cues were most inﬂuential when
making referral prioritisation decisions and provided the experi-
enced dietitians' consensus decision for each of the example re-
ferrals. Consensus between experts' dietetic prioritisation decisions
was very high: intra-class correlation (ICC) (2,1) ¼ 0.98 (95% con-
ﬁdence interval: 0.97e0.99) [3]. It is proposed that this model of
expert practice can be used to develop training materials to upskill
students and newly qualiﬁed practitioners on professional pro-
grammes [4]. Enhanced prioritisation skill would then enable
novices to provide a better service to patients that would result in a
more efﬁcient use of healthcare resources. Evidence suggests that
enhanced work-based skill can increase conﬁdence [5], improve
work satisfaction [6], and reduce work based stress [7], and
improving prioritisation skills may contribute to this effect.
This paper reports on the design and testing of the decision
training tool which aimed to improve novices' decision making
ability when prioritising referrals for acute adult dietetic services.
Therewere three speciﬁc research questions: (1) do trained novices
make dietetic prioritisation decisions that are more aligned with
the experts' consensus decisions than untrained novices?; (2) do
trained novices make more consistent dietetic prioritisations on
repeated scenarios?; (3) do trained novices agree more with each
other about the prioritisation decisions made than untrained
novices?
2. Materials and methods
A Randomised Controlled Trial (RCT) was undertaken, using a
two-factor mixed designwith one between-subjects factor (group),You have received a referral for a 65-year-old paƟ
paƟent’s presenƟng complaint is Dysphagia; and th
They have been referred for enteral tube feeding
eaƟng and has stable weight. The biochemi
PrioriƟsaƟon opƟons:
1. Does not need to be assessed during admissio
2. Non-urgent - assess before discharge
3. Non-urgent - assess within two working days
4. Urgent - assess on next working day
5. Urgent - assess today
Fig. 1. Example of a case referral and thewith two levels (no training materials provided (control) and
training materials viewed (intervention)), and one within-subjects
factor (time-point of training) with two levels (pre-training and
post-training). Tomaintain blinding volunteers were told theywere
participating in a study to investigate prioritisation of referrals, not
a study to test a training website. Ethical Approval for the studywas
obtained from Brunel University Research Ethics Committee (14/
10/STF/03).
The training materials were developed using the ﬁndings of the
previous study [3] and used as the intervention for this RCT. In
Hickson et al. [3] six cues were identiﬁed as being important when
assessing dietetic referrals, and a total of 21 cue levels were deﬁned
in order to enable generation of a range of referrals. The training
information was informed by how the six cues were weighted by
the experienced clinicians in their prioritisation decisions, and the
training explained to the novices how to use these cues when
prioritising referrals to their acute adult dietetic services (see
supplementary information for further detail).
In order to measure the novices' ability to prioritise referrals, the
control and intervention group participants were asked to make
decisions on the same dietetic referral case scenarios that the ex-
perts had prioritised previously. The novice's decisions on identical
cases could be measured, and then be compared with the experts'
decisions. The case set of 80 was made up of 60 original cases and
20 repeated cases. Cooksey [8] recommends that at least one third
of case proﬁles are repeated in order to measure consistency. An
example of a case scenario and the ﬁve possible prioritisation
outcomes are presented in Fig. 1.
Since web-based decision training has been found to be most
successful when applied at the pre-registration stage of training
[9,10], pre-registration dietetic students and recent graduates (less
than one-year experience) were identiﬁed as suitable participants.
Pre-registration students had to have at least completed the ﬁrst
part of their practical placement, so they had some experience of
ward work and could relate to the scenarios. To identify a medium
effect (Cohen's d¼ 0.5) between two independent sample means at
0.05 signiﬁcance and for 0.8 power, it was calculated that 64 par-
ticipants were needed for each group [11].
The participants were recruited from across the UK via Univer-
sity dietetic programme leads. Of the 14 universities contacted, 12
replied and gave permission and facilitated access to students andent who may require dieteƟc assessment. The 
ey have screened as 'High risk of malnutriƟon'. 
. The referrer reports that the paƟent is not 
stry results show normal biochemistry.
n- refer on to community dieteƟcs
ﬁve possible prioritisation options.
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dividuals to the research website, where the information sheet was
also provided and had to be accessed before participation could
proceed. When a request to participate was received via the web-
site, a password was automatically generated and sent to their
email; this is the point at which they were automatically rando-
mised into control and intervention groups. This was achieved by
the on-line recruitment system using a coin toss approach. Partic-
ipation was on voluntary basis, and consent was implied through
their willingness to enter their email address and the website
password to access the on-line task. A small honorarium in the
form of an online £10 amazon voucher was provided to all partic-
ipants who completed the task in recompense for the time given.
All participants completed the task individually, on-line at a
place and time of their choosing. Upon login to the website, data
were collected on age, gender, stage of training, university and
country. The participant was then presented with instructions and
was reminded that they should do the tasks independently. There
were two practice scenarios provided before the actual set of sce-
narios. The scenarios were presented one at a time and in a rand-
omised order to each participant. Participants were asked to choose
their prioritisation decision by clicking on one of the ﬁve ordered
options (see Fig. 1).
The intervention group were asked to complete three consec-
utive tasks; prioritisation of 53 case scenarios, reading the training
material, and prioritisation of a further 27 case scenarios. The
control group participants were asked to judge the same case
scenarios, but at the time point that the intervention group had
received training, the control group participants only got a message
conﬁrming the number of cases they had completed and asking
them to continue. It was not expected that there would be any ef-
fect on the control group's prioritisation ability since they had not
received the training material and only had undertaken practice in
making decisions on the cases.
2.1. Statistical considerations
To answer the ﬁrst question ‘do trained novices start to make
dietetic prioritisations that are more aligned with the experts’
consensus decisions than those from untrained novices?’, we
correlated each novice's decision with experts' consensus decision
at each time point, using Pearson correlation and intra-class cor-
relation (ICC(2,1) using ‘absolute agreement’ deﬁnition) [12e14].
We pooled results from the control and intervention groups for pre-
and post-training, giving four sets of results. We compared the
results across the groups at pre-training to determine if the two
groups had similar levels of prioritisation capacity, and then
compared at post-training to examine the effect of the training
intervention. If the two study groups were similar at the baseline,
then no statistically signiﬁcant difference should be observed be-
tween correlation coefﬁcients for the two groups at the pre-
training. If the correlation coefﬁcients were signiﬁcantly larger for
the trained novices (i.e. the intervention group at post-training),
then the training materials can be said to be effective in
increasing the capacity of novice dietitians for making dietetic
referral prioritisation. A two-factor mixed design analysis of vari-
ance (ANOVA) was conducted to examine overall effect of training
across the two time points and between the study groups. The ef-
fect size was calculated using Cohen's d [15]. We compared the
amount of change from pre-training to post-training for the inter-
vention group relative to that for the control group.
To answer our second question: ‘do trained novices start to
make more consistent dietetic prioritisations on repeated sce-
narios?’ we investigated intra-rater correlation between the de-
cisions made by individual novices on scenarios that were repeatedon separate occasions. For this purpose, we calculated ICC(1,1) co-
efﬁcient between decisions made by each novice on repeated sce-
narios (13 repeat scenarios in pre-training and 7 at post-training)
[12e14,16]. We pooled the results for each group and time point.
In order to investigate whether training had any positive effect that
is statistically signiﬁcant, we carried out 2-factor mixed ANOVA and
calculated effect size.
Finally to examine the third question ‘do trained novices agree
more about the prioritisation decisions made than untrained nov-
ices?’ we investigated intra-group correlation for each study group
at each time point. We calculated ICC(2,1) correlation coefﬁcient
using prioritisation decisions made by participants of a group at
each time-point. The higher the correlation coefﬁcient for a group
of novices, the less the variation between prioritisation scores given
to each scenario by the novices in that group, hence the more the
agreement between decisions made. The investigator (HG) who
undertook the analysis was blind to the group allocation.
3. Results
Participants were recruited from 8 April to 21 June 2015. The
number of potential participants was approximately 800 (1/3
recent graduates and 2/3 students), and 197 were randomised into
the study (25% response rate). 151 participants completed the task;
69 of whom were in control group and 82 of them in intervention
(see Fig. 2). Between allocation to a group and completion of the
task 33 participants in the intervention group and 13 in the control
group were lost to the study.
Demographic characteristics are given in Table 1. Distribution of
demographics data across groups were compared using t-test for
age and chi-squared (c2) for stage. No statistically signiﬁcant dif-
ferences were found: t(149) ¼ 0.077, p ¼ .94 for age; c2 ¼ 3.96,
p ¼ .28 for stage.
3.1. Do trained novices start to make dietetic prioritisations that are
more aligned with the experts' consensus decisions than those from
untrained novices?
Agreement between each novice's prioritisation judgements and
expert consensus judgement is shown in Table 2. ANOVA showed
signiﬁcant interaction between time point and group:
F(1,149) ¼ 8.30, p < .01; partial eta sq ¼ 0.06, with a medium effect.
Simple main effects analysis showed signiﬁcant effect of group at
post-training (F(1,149)¼ 9.5, p < .01). These results conﬁrm that the
training had signiﬁcantly improved agreement between the priori-
tisation decisionsmade by trained novices and byexpert consensus.
This suggests that the training had positive effect on novice di-
etitians' referral prioritisation, and this effect was moderate.
Table 3 shows the Pearson's correlation coefﬁcients pre- and
post-training which indicated a similar pattern to the ICC results.
ANOVA of the Pearson correlation statistics showed signiﬁcant
interaction between time point and group: F(149) ¼ 16.7, p < .001.
Partial eta square ¼ 0.101, medium effect [15]. Simple effects
analysis showed signiﬁcant effect of group at post-training
(F(1,149) ¼ 13.5, p < .001) and signiﬁcant effect of time-point in
intervention group (F(1,149) ¼ 13.32, p < .001). Therefore, signiﬁ-
cant differences between the intervention and control group at the
post-training could be attributed to the training intervention.
3.2. Do trained novices start to make more consistent dietetic
prioritisations on repeated scenarios?
The analysis exploring the consistency of decisions made for
repeated scenarios is shown in Table 4. Both groups are similar pre-
training and both groups showed improvement at post-training,
Table 1
Demographic characteristics for control and intervention groups at baseline.
Characteristics Intervention group
(n ¼ 82)
Control group
(n ¼ 69)
Mean age in years (SD) 25.9 (7.1) 25.8 (5.4)
Male, n (%) 4 (4.9) 7 (10.1)
Female, n (%) 78 (95.1) 62 (89.9)
Stage n (%)
Newly qualiﬁed 19 (23.2) 17 (24.6)
Late stage of professional training 44 (53.7) 34 (49.3)
Mid stage of professional training 16 (19.5) 10 (14.5)
Early stage of professional training 3 (3.6) 8 (11.6)
Country n (%)
England 55 (67.1) 54 (78.3)
Ireland 6 (7.3) 2 (2.9)
Scotland 17 (20.7) 10 (14.5)
Wales 4 (4.9) 3 (4.3)
Table 2
Inter-rater correlation coefﬁcients between individual novices and expert consensus
at pre- and post-training.
Mean (SD) correlation
ICC(2,1) with ‘absolute
agreement’ deﬁnition
Mean difference pre-
to post-training
Pre-training Post-training
Control 0.58 (0.18) 0.53 (0.20) 0.049 (0.156)
Intervention 0.59 (0.17) 0.63 (0.17) 0.037 (0.16)
Cohen's d (r) 0.54 (0.26)
Eligible for invitaƟon 
• Analysed at the baseline (n=82) 
• Analysed at immediate post-test (n=82) 
Completed 2nd set of scenarios (n=82)
Allocated to intervenƟon (n=115) 
• completed 1st set of scenarios (n=82) 
• received training intervenƟon (n=82) 
Completed 2nd set of scenarios (n=69) 
Allocated to control (n=82)
• completed 1st set of scenarios (n=69) 
• received no training (n=69) 
• Analysed at the baseline (n=69) 
• Analysed at immediate post-test (n=69)  
AllocaƟon
Analysis
Follow-Up
Randomized (n=197)
Fig. 2. Flow chart of recruitment process.
Table 4
ICC (1,1) for the consistency of decisions made on repeated scenarios by individual
novices at pre- and post-training.
Mean (SD) consistency Mean difference pre-
to post-training
Pre-training Post-training
Control 0.65 (0.23) 0.74 (0.28) 0.13 (0.27)
Intervention 0.65 (0.21) 0.87 (0.13) 0.21 (0.22)
Cohen's d (r) 0.32 (0.16)
Table 3
Pearson correlation coefﬁcients between prioritisation scores made by individual
novices and expert consensus at pre- and post-training.
Mean (SD) correlation Mean difference pre-
to post-training
Pre-training Post-training
Control 0.66 (0.19) 0.61 (0.21) 0.047 (0.17)
Intervention 0.66 (0.17) 0.73 (0.17) þ0.072 (0.18)
Cohen's d (r) 0.69 (0.32)
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higher than those of the control group (z ¼ 3.02, p < .01). The effect
size of training on consistency was small.
The two-factor mixed ANOVA showed a signiﬁcant interaction
between the group and time-point factors: F(1,149) ¼ 9.80, p < .01;
Partial eta sq ¼ 0.062, with a medium effect. Testing for simplemain effects of group factor at both levels of time-point factor
revealed that the group factor did not have a signiﬁcant effect at
pre-training (F(1,149) ¼ 0.0, p ¼ .95), but had signiﬁcant effect at
post-training (F(1,149) ¼ 13.5, p < .01). The results show that the
training had signiﬁcantly improved reliability between prioritisa-
tion decisions made on different occasions.
3.3. Do trained novices agree more about the prioritisation
decisions made than untrained novices?
Finally the data showed that agreement between the decisions
made by trained novices (ICC(2,1) ¼ 0.61; 95% CI: 0.47e0.76) was
higher than for untrained novices (ICC ¼ 0.44; 95% CI: 0.31e0.63),
with both groups similar pre-training (ICC ¼ 0.48; 95% CI:
P. Harries et al. / Clinical Nutrition 37 (2018) 1456e146114600.38e0.61), indicating that training improved agreement between
decisions made by novices.
4. Discussion
This study showed that a web-based training intervention
designed to improve novice dietitians' ability to prioritise referrals
was effective. The novices who received the training intervention
were more able to make decision like experts after receiving the
training. This demonstrates that enhanced skill had been obtained
and that the training materials that are based on the judgement
policies derived from experts' consensus could successfully be used
to train novices on what information should be used when making
dietetic prioritisation decisions.
Not only did the novices start to make decisions more like the
experts post-training, but they made decisions more like each
other and more consistently in repeated scenarios, demonstrating
another positive effect of the training. Some caution is required
when considering consistency data since high consistency does
not guarantee expertise; it is possible to be consistently wrong
and the analyses used do not distinguish between correct and
incorrect but only consistency of responses in the repeated sce-
nario data.
An improvement in consistency and/or consensus following
training can also be due to a ﬂaw in the training materials which
may cause decision makers to use consistently inappropriate cues
in dietetic referrals [17]. Although neither intra-rater consistency
nor intra-group consistency guarantees expertise, experts are ex-
pected to repeat their judgement in similar situations (intra-rater
consistency) and have high level of consensus (intra-group con-
sistency) [18]. For these reasons, we are presenting results both for
consistency and consensus to supplement results of measure of
agreement between decisions made by novices and experts'
consensus.
Newly qualiﬁed dietitians will continue to learn in clinical
practice through advice or discussions with colleagues, but this
will be based on individual experiences, which may not always
represent the broad practices that a decision training tool
designed using experts' consensus can provide. In the UK, men-
toring immediately after qualiﬁcation is not mandatory, although
it is recommended and often provided, however there can be
variation in the advice mentors provide as they can only draw
from their own experience. Less conﬁdent novices may avoid
discussions with colleagues which may limit the knowledge ex-
change between novice and experienced dietitians. Training ma-
terials will help novices to build up their knowledge and skills in
the task of referral prioritisation and facilitate fruitful discussion
among novices and between a novice and experienced colleagues,
through which they could learn the reasoning behind decisions
made by experienced dietitians.
The effect sizes for the improvements gained from the use of the
training material were moderate. This could mean that novices had
already acquired a certain level of ability for dietetic prioritisation
before using the decision training tool. Although theymay not have
received speciﬁc training on how to prioritise, they may have been
able to apply their current knowledge about the cues and severity
of their levels. Alternatively, the novices may needmore time, more
scenarios, or even some practice in a real setting, to fully develop
their expertise.
The ﬁnal decision training website, which just contains the
intervention arm of the trial, is hosted in an open-access website
for use by dietitians internationally and can be found at www.
dietitianreferral.org. Usage of the ﬁnal open-access decision
training website will be monitored via Google Analytics to assess
the demand for training. The website provides information abouthow the training tool was developed and purpose of the training
tool as well as instructions on how to use cue information in a
referral in order to make dietetic prioritisation. The decision
training tool presents 40 pre-training dietetic referral scenarios
that are followed by training materials. After the training mate-
rials, 20 post-training dietetic referral scenarios are presented.
Users who complete all the case scenarios (n ¼ 60; 40 pre-
training and 20 post-training) are provided with feedback on
how they have performed before and after training and with a
downloadable certiﬁcate stating they have completed the open-
access training. The feedback presents Pearson correlation co-
efﬁcients between their decisions and expert consensus at the
pre-training and post-training, and provides an explanation of
whether their decisions have become more like those of the
expert consensus.
We propose that the beneﬁts of the training tool for dietitians
will be three fold. In the short term the tool will enable best practice
to be shared and assist dietitians to provide an optimum service to
patients. It may also potentially reduce work-related stress gener-
ated by workload mismanagement. In the medium term the tool
will increase evidenced based practice as the enhanced decision-
making capacities lead to changes in practice. Finally, in the long
term there may be more efﬁcient use of healthcare resources.
The dietetic profession will beneﬁt from access to a tested de-
cision making training tool so newly qualiﬁed professionals can
prioritise more like an expert. Referral prioritisation is a common
area in which newly qualiﬁed professionals struggle and would
beneﬁt from further training. It is also a source of stress for many
professionals; a more skilled ability to make work-based decisions
may improve work satisfaction and the quality of service delivery.
Patients in acute adult services will ultimately beneﬁt from this
research as the decision training tool will assist dietitians to
appropriately prioritise referrals, thus ensuring a consistently high
quality of service delivery and meaning those in greatest need can
be clearly identiﬁed for assessment.
This study was conducted with mainly pre-registration di-
etitians rather than those are already in practice, and did not follow
participants in practice; we could not measure the effect on prac-
tice. Also it was not designed as a longitudinal study so we did not
measure whether the effect of the training tool was maintained
over time. Some participants dropped out of the study; the most
likely reasons were a lack of motivation to complete the task or
competing demands on time, however, no objective data was
collected on this.
Our study used a set of themost commonpresenting complaints
based on admission data from an acute adult setting. In practice
dietitians will come across other complaints which they would
have to consider when prioritising referrals. The cues used were
also determined through discussion with experts although in
practice dietitians may need to prioritise with fewer cues available
to them or different information. The design of the study does limit
the number of cues that can be included; additional cues would
require signiﬁcantly more case scenarios, resulting in undue bur-
dens on the participants during the study and a training tool that
would take longer to complete. Nevertheless, this training tool
should assist dietitians in seeking the information they need in
order to prioritise the most commonly encountered referrals as
accurately as possible.
5. Conclusion
Novice dietitians who were trained with the expert policy for
dieteticprioritisationwere able to improve their prioritisationability
whereas those who did not receive training did not improve. The
training materials can be used to successfully improve novices'
P. Harries et al. / Clinical Nutrition 37 (2018) 1456e1461 1461prioritisation skills. An open-access web-based tool has been
developed and launched in order to enable translation of this study
into practice and to enable the best practice to be shared among
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